To investigate the effect of promoter methylation of cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) gene and matrix metalloproteinases (MMPs) on the risk of non-alcoholic fatty liver disease (NAFLD). MATERIALS AND METHODS: CTLA-4 and MMP-9 promoter methylation were investigated using a methylation-specific polymerase chain reaction (MS-PCR) in blood samples taken from 80 NAFLD individuals and 95 healthy controls. The expression levels of CTLA-4 and MMP-9 were also assessed in 10 blood and 9 liver tissues mRNA samples from NAFLD patients. These cases were compared to the blood (n = 10) samples of healthy controls with real-time quantitative reverse transcriptase PCR. RESULTS: No significant relationship was found for methylation of CTLA-4 and MMP-9 between cases and controls. The relative expression of CTLA-4 and MMP-9 mRNA in NAFLD was not significantly different compared to healthy control samples. CONCLUSION: For the first time, our outcomes indicate that the methylation status of CTLA-4 and MMP-9 genes has no significant function on the process of NAFLD.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease worldwide. [1] It also has been found to be a significant risk factor for expansion of primary liver cancer and liver-associated mortality and morbidity. [2, 3] NAFLD refers to a spectrum of histological findings, ranging from simple and reversible steatosis to steatohepatitis and cirrhosis, and is diagnosed after ruling out other causes-in particular, alcoholic liver disease (ALD). [4] In addition to a higher prevalence of NAFLD in patients with obesity, metabolic syndrome, and type 2 diabetes, it also can be induced by a variety of genetic variations. [5] However, the data is sparser regarding genetic and epigenetic variations on the etiology of NAFLD. Understanding these types of alterations would have a critical effect on the clinical practice and management of disease. [6] Matrix metalloproteinases (MMPs) are a family of proteases with roles in the development and invasion of various cancers, including degrading components of the extracellular matrix, which paves the way for the transportation of tumor cells to other tissues. [7] The MMP-9 gene is placed at chromosomal location 20q13.2, and its exact expression mechanisms are unknown. [8] A few studies have evaluated the involvement of these genetic variations in development of chronic liver disease. [9] Cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) is a single-spanning membrane protein, the gene for which is located on chromosome 2q33. [10, 11] This protein is positioned on a T-cell surface molecule which interacts computationally with the co-stimulatory molecule CD28 and plays a major role in peripheral control of the immune response. [12] [13] [14] The functional magnitude of this molecule is characterized in CTLA-4-deficient mice, which develop lethal self-reactive lymphoproliferative disease. [15] It seems likely that the decreased expression of CTLA-4 might cause autoimmune T-cell clonal proliferation. [16] Several studies have shown that the dysfunction of CTLA-4 is connected to autoimmune disorders. [15, 17, 18] This study analyzed the link between the promoter hypermethylation of MMP-9 and CTLA-4 genes and their expression in blood samples of patients with NAFLD disease in a group of patients in South Eastern Iran. Table 1 .
Materials and Methods

Study subjects and specimens
The lab work for the analysis of gene methylation was done in parallel for cases and controls.
DNA extraction and methylation analysis
DNA was extracted from whole blood using the phenol-chloroform extraction method; then, 2 μg of purified DNA were converted using sodium bisulfite as previously described. [19] Methylation-specific polymerase chain reaction Table 2 .
Statistical analysis
Analysis of data was based on the multivariate logistic regression analysis for estimation of methylation status in groups, and the Mann-Whitney test was used for examination of gene expression data. The level of significance was set at P < 0.05.
Results
The outcomes of the MMP-9 and CTLA-4 genes' methylation between cases and controls are given in Tables 3 and 4 
CTLA-4 and MMP-9 gene expression
The differences between CTLA-4 and MMP-9 mRNA levels were assayed in 10 NAFLD (10 blood and 9 liver tissues) and 10 normal blood samples. As shown in Tables 5 and 6 , there was no statistically significant assessment for relative gene expression in a comparison between cases and controls for the CTLA-4 and MMP-9
genes. Further studies utilizing larger sample sizes are necessary to achieve a conclusion regarding the effect of altered gene expression of CTLA-4 and MMP-9 genes in NAFLD.
Discussion
NAFLD has become the leading cause of referral to hepatology clinics and is a major future research field in internal medicine. Data from interethnic differences and family studies have shown that genetic factors may have a critical function in the causation of NAFLD. [20] However, or susceptibility to viral agents may be useful for better management of patients in an individual way. [20] Evidence for the involvement of genetic factors in the development of advanced fibrosis in NAFLD has been extracted from family clustering studies. [21] Day et al. have reported that genetic susceptibility plays a key role in alcohol-induced liver disease. [22] In eukaryotics, gene expression is controlled by many mechanisms; DNA methylation is a general epigenetic signaling tool which cells utilize to lock genes in the "off" position. [23] The majority of DNA methyl regions were located on promoter sites, which show various patterns of expression, depending on the amount of methylated sites. [24] The finding of methylated DNA sequences in serum has been recommended as a potentially valuable biomarker for preclinical diagnosis of malignant lesions. [25] In fact, numerous studies of hepatocellular carcinoma have revealed that methylated p15, p16, and RASSF1A sequences are present in serum at the time of cancer diagnosis. [24, 26, 27] CTLA-4 encodes a T-cell receptor that mediates T-cell apoptosis, which has a significant effect on genetic susceptibility to autoimmune diseases, such as type 1 diabetes. [25, 28] Xia Zhao et al. [29] have suggested that the susceptibility to variants of the CTLA-4 gene vary between the different geographic populations with Graves' disease. [30] Increased levels of plasma MMP-9 have been found in a variety of malignant cancers, such as colon cancer, lung cancer, breast cancer, and hepatocellular carcinoma. [31] [32] [33] [34] Matsumura et al. indicated that the T-allele in the MMP-9 promoter is associated with the invasive phenotype of gastric cancer. [35] Certain other studies suggested that plasma MMP-9 may play an important role in the progression of breast cancer. [36, 37] 
Conclusion
Our study provides data that promoter methylation 
